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The 12 bit sueeesslva oppioxiinatlon A/t) eonvortor offers 
modaratoly high spood prociston doto conversion at o reason- 
able level of cost and oomplextiy. The AOCIOHi extends 
this coptMllty over o temperature range of -55to+200°C. 
No mWng-code perfetmonce Is imdatolned over the entire 
temperature range. The converter Is completely selfecon- 
toliied with Internal cioclc and t- 10 volt reference* Rgwe I 
shows a block diagram of the AOC10HT. 
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Rgure I 

The InteriKil 12 bit C^A converter is o monolithic die- 
lectrically isolated chip, The s>jccesdve approximation 
register (SAR) is o commercially available CMOS chip. The 
clock and the compaotor were designed with o single IMI 19 
dual comporotor mode with convontionol junction isolated 
bipolar technology. The clock also contoins on MOS 
capacitor chip arxl o idchrome thin film renstor network chip. 
These five chips moke up the basic converter. The 
reference circuit consists of o dielectrically isolated op omp 
chip, zener diode and niehrome thin film resistor network.^ 
The ADCIOHT con be used with on e-I.rnal +I0V reference, 
if desi-ed. 

The SAR could hove been either bipolar TTL or CMOS 
since both technologies exhibit altered but useful charact- 
eristics ot temperatures well above 2009C. However, CMOS 
devices offer low power disdpotion, so that the internal 
temperature of the hybrid circuit does not rise os much train 
self-heating. Also, CMOS SAR's have better noise margins 
than TTL devices at high temperatures. 

A major problem at high temperature is that caused by 
pn junction leakage ci -rents. The largest of these currents 
is the epi to substrate current in ju,>etion isolated circuits 
due to the very large size of the isou-^on pn junction 
relative to the deWce juitetions. In CMOS circuits, these 
leokoges ore returned to the supplies, and therefore, do not 
degrade performance. Therefbra, the logic keeps working 
at temperatures up to 250^C. Above that temperature, a 
four layer latch meelxr.ism, inherent to junction isolated 
CMOS, limits the devices performance. 


Since the Interml 0/A conv er te r is dielectrically 
Isolated, there is t» epi to substrate leokrige eomportent. By 
eRmlrtotlng this error mechanism, the uwlirl temperature 
ronge of the device Is Irrcreo s ed. Dielectric tnloKon Is also 
used In the reference circuit operatiorwl omplifier for similar 
reasons. 

Although the duol c omporotor is junction Isolated, the 
epi to sub stra te leokrrge currersts ore second stage effects arx)^ 
furthermore, tetMl to cancel out. Arvsther potestiol difficulty 
in bipolar circuits is the poor performomre of ioteral pnp 
t r r m sist or s at high temperature. This pixticuiar comparator 
does not contain any lateral trartsistors. Instead, redslors are 
used for level shifKng purposes. 

The niehrome thin Rim renstor networks ore stabilized 
at over 500PC and, therefore, ore stable^ at temper o t u res 
well (dsove 20CPC, The current dennties hove been red u ced 
by o factor of three from those densities used in normol 
commercial practice to prevent electramigratton at 
high temperature.^ 


The absolute value of resistors in the converter is not 
critical, but resistor tracking with time and temperot u r e is 
very Important. For this reason, critieol resistors of 
different volues ore comprised of equal redstonce elements. 
Thus, even tho'igh the resistors may shift <kte to the extreme 
ambient coixiitions, the linearity, gain am) offset of the 
converter itself should remain stable 

The converter is packaged in a conventiotMi 28 pin dde- 
brozed ceramic package. Rgure 2 shows the placement of 
the various chips in this package. The eight chips ore 
eutecticolly attached to the substrate and ultrasonic wire- 
bonded to o double layer thick Rim substrate. The substrate 
is riien attached to the header using a high tonperoture gold 
tin preform. 
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Rgure 2 

A platinum/palladium doped thick Rim gold system Is 
used to minimize purple plague. Average wfrebottd pull 
strengths of three gram, after 1000 hours at 25CPC have been 
obtained. A 1000 hour test at 250PC exhibited only an 80% 
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tncTMM In bond rostsHncos. 


Q>nnocHon botwcon rt.s double layer aibtfrate and the 
eeremic stde-farazed package Is mode wlHi gold wire. The 
converter Is hetmeKe^ly sealed using a gold germanium pre- 
form to attach the eeremic cop. 

To ettsure the reliability of the converter, all ports are 
bumed-tn at 20CPC and all ports ore 100% scr e e n e d . Due 
to the limited life of the connectors, the t emp erat u re testing 
ortd bum-tn Rxtures use printed circuit boards that pass 
through the oven doors, thus allowing boevd cormection to be 
mode at room temperature. The test sockets themselves are 
zero insertion force types mode of Torlon with berryliium/ 
tdckel coitfocts. The boords an mode of No»ple>r c op pe r ctod 
poiyimide with nickel plating. A high-temperature solder 
with a JtXPC melting point Is used for the test boards. 

Table I shows the important electrical ^peciRcations 
for the ADCIOHT. Figure 3 sho s Rnervlty error vs. con- 
version speed and indicates that 12 bit occuracy con be 
atta i ne d at 2Sps. The clodc firec|uency can be adjusted ex- 
ternally. 

TABLE I 
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Rgure 4 



oicc! Performance 


Resolution 


12 bits 


Accuracy at 2^C 

Gain error: SD.05% (adfustable to zero) 
Offrat error: 10.0S% (adfustable to zero) 
Linearity error: lO.OO^ 

Drift (-5Sl“C s T. s +200®C) 

Gain: it15 ppRi/*C 
ORfet (unipolar): *1 ppm/’C 
Linearity: iO.5 ppm/^ 


LINEARITY ERROfl VS CONVERSION SPEED 

p-p : pLr;i - i , i| _ .Ti + .i f 
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Rgure 5 

are shown in Rgure 6. Differential noiillneority is deRned os 
the deviation from the ideal oiw LSB step size. Overall non- 
linearity is not shown but has similar shift vs. time c h oract e f- 
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Rguro 3 

ShiR in bipolar offset and gain vs. time during oper- 
ation at 200°C ere shown for three devices in Rgures 4 and 
5. Both parameters can be odfusted to zero initially by the 
use of external trim resistors. Offset In the unipolar mode is 
much less then the bipolar shift shown In Rgure 4. Differ- 
ential nonlinearity shifts with time during operation c t 200^C 
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Rgure 6 



liKcs to riiot of diffwontiol nonltnoorlly. Rguro 7 rfiowt 
dtfferonHol nonlinearity vs. temperature. All ports ore 
tested Ibr no missing oe^ over tlie temperature range. 
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Figure 7 
Future Direction 

Although the present design was not lidended for use 
above 20Gf*C, It is believed that a successive opproximation 
onolog-lo-di^td con v er te r could be bidit for 30CPC 
operorion with 8 bit performance, lower power circuitry 
will reduce peak {unction tem p erature s . The present circuit 
dissipates most of its power in the digitol-to-analag converter 
chip and in the rafetence. Both circuits could be rederigned 
to operate ot lower supply voltage and hence lower power. 

Although the rener diode used in the reference exhibits 
0 nonlinear temperature coefRcient above -f-IZ^’C, accept- 
able petfbimance was obtained to +20GPC. At much higher 
temperatures, o nonlinera- zener te m p» s rot u re coefficient 
compensation method is likely to be required. 

Very careful attention must be paid to matching of the 
internal D to A converter's collector-base leeicoge currents 
if nonlinear transfer chorocterisHcs ore to be avoided at high 
tem p erature s . Although leakage currents con still cause gain 
end offitf errors, th>^ con be removed using digital tech- 
niques.' 

The CMOS high temperature latch condition con bo 
eliminated by using dielectric isolation. rL logic 
circuitry also has potential for use in the SAR. 

Rtmlly, a high temperature metal system such os ^ 

P(, T{ Au metallization reported on by Pe^ and Zierdt ” Is 
required If reasonable MTBF Is to be obtained at 300^C. 
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